A Gram-stain-negative, rod-shaped, non-motile, non-spore-forming bacterium, designated strain BY-1 T , was isolated from a soil sample from the city of Qiqihar in Heilongjiang Province, PR China. Strain BY-1 T grew optimally at pH 7.0 and 30-35 6C in the presence of 0.5 % (w/v) NaCl.
The genus Pseudomonas is an extremely heterogeneous group that has been reclassified several times on the basis of phenotypic features (Sneath et al., 1981) , DNA-DNA hybridization (Palleroni, 1984) , 16S rRNA gene sequence similarity (Anzai et al., 2000) and chemotaxonomic data (Oyaizu & Komagata, 1983; Vancanneyt et al., 1996) . The genus is subdivided into two main intrageneric clusters (as reviewed by Anzai et al., 2000) : the first cluster comprises six groups and the second contains only one group. In this study, a bacterial strain, designated BY-1 T , was isolated from an agricultural field, which had been exposed to the herbicide fomesafen for many years. Analysis of 16S rRNA gene sequence similarities indicated that the isolate was closely related to the Pseudomonas aeruginosa/Pseudomonas stutzeri group within the first cluster and formed a distinct line. On the basis of phenotypic and genotypic evidence, it is proposed that strain BY-1 T represents a novel species of the genus Pseudomonas.
Strain BY-1 T was isolated from an agricultural field, which had been exposed to the herbicide fomesafen for many years, by using the standard dilution plating technique on Luria-Bertani (LB) agar (5 g yeast extract, 10 g tryptone, 10 g NaCl; pH 7.0) followed by incubation for 2 days at 30 u C under aerobic conditions. The isolate was routinely cultivated on LB agar or in LB broth at the same temperature, and was maintained in a glycerol suspension (20 %, v/v) at 270 u C. Pseudomonas luteola IAM 13000 T (Kodama et al., 1985) and Pseudomonas duriflava HR2 T (Liu et al., 2008) were employed as controls in phenotypic tests. Unless otherwise mentioned, these strains were grown aerobically on TSA or in TSB at 30 u C.
Cell morphology and dimensions were determined by transmission electron microscopy (H-7650; Hitachi) after 48 h growth on TSB medium at 30 u C. In preparation for electron microscopy, bacterial cells were suspended in 0.85 % (w/v) NaCl. Subsequently, the cells were dried on a nickelcoated mesh, negatively stained with phosphotungstic acid and examined. The motility of cells was tested by the hanging drop method (Suzuki et al., 2001) . Gram staining and the KOH lysis test were carried out according to Smibert & Krieg (1994) and Buck (1982) , respectively. Growth was tested at different temperatures (4, 10, 15, 25, 28, 30, 35, 37, 40 and 42 u C), different pH values (5.0-11.0, in increments of 0.5 pH unit), and different NaCl concentrations [final concentrations of 0-7.0 % (w/v) at increments of 0.5 %] in TSB for 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain BY-1 T is JN411093.
Two supplementary figures are available with the online version of this paper.
2 days. Anaerobic growth was assessed in serum bottles containing TSB and sodium thioglycollate (1 g l
21
) with the upper air layer replaced with nitrogen gas. Growth was tested on nutrient agar, Simmons' citrate agar and MacConkey agar. The production of fluorescent pigment was tested on King's medium B (King et al., 1954) . Catalase activity was determined as described previously (Ohta & Hattori, 1983) . Hydrolysis of starch and Tween 80 were determined as described by Cowan & Steel (1965) . Other physiological and biochemical teats were assayed by using the API 32GN kit, API 20E kit (bioMérieux) and Biolog GN2 system according to the manufacturer's instructions.
Strain BY-1 T was strictly aerobic and the cells were Gramstain-negative, non-motile, flagellated, non-sporulating rods (Fig. S1 , available in IJSEM Online). Colonies were yellowish, convex and circular with entire edges. The strain grew in the presence of 0-5 % (w/v) NaCl (optimum, 0.5 %), at 20-40 u C (optimum, 30-35 u C) and at pH 5.0-9.0 (optimum, pH 7.0). Detailed morphological, physiological and biochemical characteristics of strain BY-1 T are summarized in the species description and in Table 1 .
Genomic DNA was extracted according to standard procedures (Sambrook & Russell, 2001 ). The G+C content of the genomic DNA was determined by the thermal denaturation method (Mandel & Marmur, 1968) . The 16S rRNA gene sequence was amplified by PCR and sequenced as described by Wang et al. (2011) . Calculations of pairwise sequence similarity were carried out using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analysis was performed using MEGA software version 5.0 (Tamura et al., 2011) . Distances were calculated by using distance options according to Kimura's twoparameter model (Kimura, 1980) , and clustering was performed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Eck & Dayhoff, 1966; Fitch, 1971) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-likelihood (Felsenstein, 1981) methods. Bootstrap analysis of 1000 resamplings was used to evaluate the tree topology (Felsenstein, 1985) .
An almost complete 16S rRNA gene sequence (1459 nt) was obtained for strain BY-1 T . Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain BY-1 T was a member of the genus Pseudomonas and showed high 16S rRNA gene sequence similarity to P. luteola IAM 13000 T (99.5 %) and P. duriflava HR2 T (97.3 %); less than 96.7 % 16S rRNA gene sequence similarity was observed with other species of the genus Pseudomonas. In the neighbour-joining phylogenetic tree, strain BY-1 T formed a subclade with P. luteola IAM 13000 T and P. duriflava HR2 T ( Fig. 1) . Phylogenetic trees inferred by the maximumparsimony, maximum-likelihood and minimum-evolution methods showed relationships similar to those given by the neighbour-joining method (data not shown).
DNA-DNA hybridization is necessary to clarify the taxonomic relationship of strains which share more than 97 % 16S rRNA gene sequence similarity (Tindall et al., 2010) . To further clarify the taxonomic relationship of strain BY-1 T with its closest phylogenetic neighbours P. luteola IAM13000 T and P. duriflava HR2 T , DNA-DNA hybridization was determined using photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) and He et al. (2005) . Strain BY-1 T showed relatively low DNA-DNA relatedness to P. luteola IAM13000 T (29±3.1 %) and P. duriflava HR2 T (21±1.5 %) . These values are well below the threshold value of 70 % suggested 
for species delineation (Wayne et al., 1987) , indicating that strain BY-1 T represents a separate genomic species.
For determination of chemotaxonomic characteristics, the cells were grown in TSB, harvested by centrifugation when growing exponentially, washed with distilled water and freeze-dried. Menaquinones were extracted according to Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . Polar lipids were extracted, examined by twodimensional TLC and identified using previously described procedures (Minnikin et al., 1979) . The fatty acid profiles of strain BY-1 T , P. luteola IAM 13000 T and P. duriflava HR2 T were determined according to the method of manufacturer's instructions (Sherlock Microbial Identification System; MIDI Corporation) (Sasser, 1990) . All the strains were streaked in quadrants on TSA plates and cultured for 24 or 36 h (strain BY-1 T was cultured for 24 h, P. luteola IAM 13000 T and P. duriflava HR2 T were cultured for 36 h). Cells were harvested from the third quadrant of the streaked plate. Fatty acid methyl esters were obtained from cells by saponification, methylation and extraction, and separated in a gas chromatograph (6890N; Agilent). Peaks were automatically integrated, and fatty acid names and percentages were determined using the MIDI Sherlock MIS system (TSBA6 library; Version 6.0B) (Sasser, 1990 ).
The chemotaxonomic data obtained for strain BY-1 T were consistent with the assignment of the strain to the genus Pseudomonas. The DNA G+C content of strain BY-1 T was 55.3 mol%. The strain contained ubiquinone-9 as the predominant respiratory quinone. The phospholipids consisted of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine (Fig. S2) . The fatty acid profile of strain BY-1 T was similar to P. luteola IAM 13000 T and P. duriflava HR2 T , although the proportions of some major fatty acids were different (Table 2) .
On the basis of the results of the phylogenetic analysis and of morphological and chemotaxonomic investigations, strain BY-1 T represents a novel species of the genus Pseudomonas, for which the name Pseudomonas zeshuii sp. nov. is proposed.
Description of Pseudomonas zeshuii sp. nov.
Pseudomonas zeshuii (ze.shu9i.i. N.L. masc. gen. n. zeshuii of Ze-Shu, in honour of Ze-Shu Qian, a respected microbiologist, for his enormous contributions to promoting the development of soil microbiology in China).
Cells are Gram-stain-negative, oxidase-negative, catalasepositive, non-spore-forming, flagellated, non-motile, short rods, 0.6-0.8 mm wide and 2.8-3.2 mm long. After 3 days incubation on TSA, colonies are 1.0-2.0 mm in diameter, yellowish, convex and circular with entire edges. Growth occurs in 0-5 % (w/v) NaCl (optimum, 0.5 %) at pH 5.0-9.0 (optimum, pH 7.0) and 20-40 u C (optimum, 30-35 u C). No growth was observed at 42 u C. Good growth occurs on nutrient agar, MacConkey agar and Simmons' The type strain, BY-1 T (5KACC 15471 T 5ACCC 05688 T ), was isolated from an agricultural field which had been exposed to the herbicide fomesafen for many years, in Qiqihaer city, Heilongjiang province, PR China. The DNA G+C content of the type strain is 55.3 mol%. 
